Abstract. In 1983 in Namibia's Kavango region, epidemic jaundice affected hundreds of people living in settlements lacking potable water and waste disposal facilities. Many were Angolan refugees. The disease, which after investigation was designated non-A non-B hepatitis, was most common in males (72%), in persons aged 15-39 years, and was usually mild except in pregnant women, who incurred 6 (86%) of the 7 fatal infections. Fifteen years later, archived outbreak-associated samples were analyzed. Hepatitis E virus (HEV) was detected by reverse transcriptionpolymerase chain reaction in feces from 9 of 16 patients tested. Total Ig and IgM to HEV were quantitated in serum from 24 residents of an affected settlement at the outbreak's end: 42% had IgM diagnostic of recent infection and 25% had elevated total Ig without IgM, consistent with past HEV infection. The Namibia outbreak was typical hepatitis E clinically and epidemiologically. This first report of hepatitis E confirmed by virus detection from southern Africa extends the known range of HEV and highlights its risk for refugees.
INTRODUCTION
An outbreak of illness associated with jaundice occurred during the latter half of 1983 in the Kavango region of northern Namibia, centered on the town of Rundu ( Figure 1 ). Laboratory evidence that the outbreak was neither hepatitis-A nor B infection prompted a request for an epidemiologic investigation that was conducted during a 3-day period in mid-October 1983. The investigating team was impressed by the unexpectedly high case-fatality rate among pregnant women. No etiology for the outbreak was determined, but fecal specimens from patients and serum specimens from persons residing in the affected area were collected in November 1983 and archived at Ϫ20ЊC.
In 1983, a new virus later designated hepatitis E virus (HEV) was identified as the cause of enterically-transmitted non-A, non-B hepatitis. 1 In the past decade, hepatitis E has been shown to be the cause of sporadic and epidemic hepatitis across central and south Asia, 2 and in northern and subSaharan Africa. [3] [4] [5] [6] [7] [8] [9] [10] [11] One of the largest outbreaks of hepatitis E, in Delhi, India (1955) was identified retrospectively by identification of antibodies to HEV in archived serum specimens. 12 Polymerase chain reaction (PCR) tests to detect HEV RNA 8, 13, 14 and improved serology for HEV [15] [16] [17] [18] have greatly increased the ability of reference laboratories to identify hepatitis E disease.
These methods were applied to the archived fecal and serum specimens from the Namibia hepatitis outbreak. Herein, we characterize the clinical and epidemiological features of this outbreak and identify it as epidemic hepatitis E.
MATERIALS AND METHODS

Description of the area and environmental conditions.
The Kavango region of Namibia is situated in the northeastern part of the country at latitude 18Њ S (Figure 1 ). The average daily temperature in the hottest month (October) is 37ЊC and the average annual rainfall is 500-600 mm. 19 Its northern border is formed by the Kavango River which separates this region from Angola. In 1983 the Kavango region was relatively densely populated (up to 4 persons/km 2 compared to the national average of 1.2 persons/km 2 ), but the population was highly concentrated along the Kavango River. 19 Rundu, the largest town, had one major hospital with laboratory services. In 1981 Rundu proper had a population of about 5,000 who were served in their homes by a treated, piped water supply and sewerage system. 19 In the early 1980s, a number of formal and informal settlements occupied by numerous Angolan war refugees had spread out from Rundu along the river that formed the main domestic water supply for some of the settlements.
Outbreak investigation and description of environmental conditions. A field team carried out investigations in Rundu from 12-14 October, 1983 . At that time, the area was subject to military activities with all the consequences thereof, including restricted access, impaired freedom of movement, and hospital staff shortages. No comprehensive records of the outbreak had been kept. The team interviewed medical staff at the Rundu Hospital where all jaundiced patients in the affected area had been treated, mostly as outpatients. They visited two formal and five informal settlements and assessed environmental as well as living conditions. Cases of jaundice had occurred in all but one of these sites. Approximately one month later, in November 1983, the team obtained serum specimens from 24 healthy residents of a heavily affected settlement.
The two formal settlements, which directly adjoined Rundu, also had treated water piped to and waterborne sewerage piped from all dwellings. Treated river water or borehole water which in some cases had not been treated, was available at standpipes in three informal settlements. In the fourth, water was obtained directly from shallow wells, and in the fifth, water had to be collected directly from the river. All the water sources were largely inadequate, so that most people had to fetch additional water from the river. Sanitary facilities varied from nonexistent to inadequate numbers of poorly constructed pit latrines. These were commonly sited on the riverbank or close to boreholes, standpipes, meat stalls, and informal open-air beer breweries. Beer was poured into communally used mugs for on-the-spot consumption by purchasers. Although milk for sale in and around Rundu was pasteurized, recent laboratory tests had shown that pasteurization was ineffective in some samples. Likewise, recent tests of treated borehole water samples for bacteriologic quality had revealed some of these to be sub- standard. The river level was very low due to the then prevailing drought. There had been no rain for 6 months and this had caused many people to migrate from inland areas, placing further pressure on existing water supplies and sanitary services.
Patients. Persons who had presented to the Rundu Hospital complaining of jaundice and could be located during the period 12-14 October were selected for further study. Moreover, patients with jaundice arriving at the hospital during the site visit were interviewed and examined. Fecal specimens were collected from 66 patients, regardless of the interval since onset of symptoms. Records of jaundiced patients, who had attended the Rundu Hospital from June 1, 1983, were made available to the investigating team for scrutiny. Laboratory records were utilized to enumerate cases and construct an epidemic curve. Regrettably, as no accurate census was available for the area, no incidence rates could be estimated. In addition, no accurate incidence data were collected for the period after the site visit, although the hospital clinicians' impressions of the course of the epidemic were followed up by telephone.
Clinical laboratory evaluations. Blood specimens from 12 acutely ill, jaundiced patients were assessed hematologically. Results of liver function tests were obtained from the hospital records of 37 patients. Automated blood counts using Coulter instruments and measurement of liver enzymes using the SMA 12/60 autoanalyzer were performed at the South African Institute for Medical Research (SAIMR) branch laboratory in Rundu, Namibia. Differential white cell counts and microscopic examination of blood films for the presence of malaria parasites, trypanosomes, and borrelias were done at the SAIMR, Johannesburg, South Africa.
Serology. Specimens tested serologically comprised 36 acute-phase and 12 convalescent-phase sera, collected shortly before or during the site investigation, and 24 sera of healthy persons collected a month later. There were no paired specimens. Serology for etiologic agents associated with jaundice was performed at SAIMR, the National Institute for Virology, Johannesburg, and the Onderstepoort Veterinary Research Institute, Pretoria, South Africa. Tests included the following: radioimmunoassays for total Ig and IgM to hepatitis A virus (HAV) and for hepatitis B virus (HBV) surface antigen (Abbott Diagnostics, Abbott Park, Illinois); hemagglutination inhibition tests for antibodies to yellow fever virus, chikungunya virus, Middelburg virus, Wesselsbron virus, spondweni virus, Germiston virus, and Rift Valley fever virus; complement fixation tests for antibodies to Rickettsia conorii and leptospires; tests for WeilFelix agglutinins Proteus OX-K, OX-2, and OX-19; agglutination for antibodies to Salmonella typhi and Yersinia enterocolitica; and indirect immunofluorescence tests for antibodies to Crimean-Congo hemorrhagic fever virus, filoviruses, Lassa fever virus, and hantaviruses.
Serology for HEV was performed at the Walter Reed Army Institute of Research, Washington, DC. Total Ig to HEV was measured in U/ml by immunoassay as previously described, 17 but with a slightly different recombinant HEV capsid protein antigen. 20 Total Ig to HEV Ն 20 U/ml was interpreted as evidence of previous infection with HEV. IgM to HEV was measured in a similar fashion, but with an antiIgM conjugate (Kirkegaard and Perry Laboratories, Gaithersburg, MD) diluted 1:4,000 and a reference antiserum pool defined to contain 860 U/ml of virus-specific IgM. IgM to HEV Ն40 U/ml was interpreted as evidence of recent infection with HEV.
Reverse transcription-polymerase chain reaction for HEV. Hepatitis E Virus RNA was detected in 10% fecal suspensions using affinity-capture reverse transcription-poly- merase chain reaction (RT-PCR) as previously described. 21 In summary, microcentrifuge tubes coated with anti-mouse IgG were used to capture, in fecal suspensions, virus particles aggregated by antiserum raised in mice against a structural HEV protein. 22 After washing, reverse transcription followed by PCR were performed. Primers used for detection of the HEV genome were derived from the ORF-2 and ORF-3 of the HEV Burma sequence. 10 The amplified products were analyzed using 1% agarose gel electrophoresis. A specimen was considered positive for HEV if independent amplifications of ORF-3 and ORF-2 were positive, and assay controls (n ϭ 5) gave expected results. The positive control was HEV recovered from a patient in Abbottabad, Pakistan in 1988.
RESULTS
Description of the epidemic and its clinical features.
Prior to the outbreak, one jaundiced patient per week was normally seen at Rundu Hospital. A review of patient records showed that the epidemic had started in mid-July. Because illness-onset dates were unavailable for many patients, an epidemic curve for 201 patients was constructed using the dates of submission of acute liver function and viral hepatitis specimens to the hospital laboratory, resulting in a mean presentation of 8 cases/wk during the first 8 weeks of the outbreak (Figure 2) . In early September, there was a steep increase to a mean of 26 cases/wk for the next 5 weeks after which the epidemic tailed off sharply according to subsequent telephoned reports from the hospital doctors. With the exception of a few nurses, almost all cases occurred in the economically-disadvantaged sector of the population. Analysis of 64 available patient records showed that ages ranged from 15-54 years with only one patient in the 5-9-year age group (Figure 3) . The great majority (72%) of these patients were males.
Many patients who had been ill for up to 3 weeks before coming to hospital were apyrexial by then. Common complaints were pleuritic pains, cough, and myalgia that often preceded the onset of jaundice. Less common symptoms were joint pains, sore throat, and sore eyes; nausea and vomiting were uncommon. Hemorrhagic manifestations were rare. Some patients complained only of dark urine. Most cases were managed as outpatients with vitamin B-complex supplementation and bed rest. Of the seven deaths, all but one were pregnant women.
Clinical laboratory data and histopathology. Hematologic examinations of 12 patients showed 10 had low to normal white blood counts, 7 had a relative lymphocytosis, 4 had thrombocytopenia, 7 had atypical lymphocytes, 10 had eosinophilia, and all had target cells. Hepatic enzyme determinations on up to 37 patients suggested most had hepatocellular injury (Table 1) . Elevated aspartate aminotransferase levels were present in 36/37 patients and 34/37 patients had raised alkaline phosphatase levels. All 15 patients in whom gamma-glutamyltransferase (GGT) was tested had higher than normal levels; alanine aminotransferase levels were determined in 14 of these and were invariably raised.
Spleen and liver tissues for histologic examination were obtained from 5 fatal cases. Lack of fixation rendered one liver section completely unsuitable for examination. The remaining 4 liver specimens showed massive or sub-massive necrosis with features consistent with those found in hepatitis A and E, but autolytic changes made interpretation uncertain. Splenic tissues appeared to be normal in all five.
Serology. The results of tests for hepatitis A and B markers on 12 of 37 jaundiced patients and on 40 control sera from healthy persons are shown in Table 2 . These test results failed to explain the etiology of the outbreak. Serology done on 48 patients for selected African arbovirus infections was largely negative or, in a few cases, showed very low titers. Also negative were tests for African viral hemorrhagic fevers, African tickbite fever, and leptospirosis. Weil-Felix tests yielded low positive OX-K titers (1:8 to 1:32) in 64% of 12 patients tested. Other infections excluded by appropriate tests on samples of jaundiced patients included malaria, African trypanosomiasis, relapsing fever, Q fever, typhoid fever, and yersiniosis.
Evaluation of archived specimens for markers of hepatitis E. As no etiology for the outbreak could be identified in 1983, a number of fecal specimens from jaundiced patients and serum specimens from healthy residents were collected one month after the apparent end of the outbreak and stored frozen for future studies in the event of new hepatitis agents being recognized. In 1998, 16 fecal samples were tested for HEV RNA; of those, 9 were positive, yielding amplified fragments of the correct size with both ORF-2 and ORF-3 primer sets. To independently confirm that HEV was the etiology of the hepatitis epidemic, serum specimens from 24 healthy residents of an affected settlement were tested for IgM and total Ig to HEV (Table 3) . Ten persons (42%) had elevated levels of total Ig and IgM to HEV consistent with recent infection, 6 (25%) had elevated levels of total Ig without IgM to HEV most consistent with past infection, and 8 (33%) had non-diagnostic low antibody levels.
DISCUSSION
A three-month-long outbreak of jaundice, centered in crowded informal refugee settlements along the Kavango River which lacked potable water and sanitation, was investigated in 1983. The epidemic curve suggested that there was an initial wave of illness, followed 8 weeks later by a much larger secondary wave. Numerous lines of evidence sug- Recent infection with HEV* Past infection with HEV † No evidence of past infection with HEV ‡ * Ig Ն20 U/ml, IgM Ն40 U/ml. † Ig Ն20 U/ml, IgM Ͻ40 U/ml. ‡ Ig Ͻ20 U/ml, IgM Ͻ40 U/ml.
gested the illness might have been waterborne. Environmental and social conditions in the affected communities were ideal for transmission of an enteric pathogen. The occurrence of afebrile jaundice, with a characteristic hepatic enzyme profile and absence of clinical severity, indicated that the disease was acute viral hepatitis; histopathologic examination of liver tissue collected at autopsy in 4 cases supported this diagnosis. The presence of eosinophilia in 83% of patients on whom hematologic studies were done was unsurprising in view of the high prevalence of intestinal helminth infections in this area. 23 The finding of atypical lymphocytes in 7/12 patients and target cells in 12/12 patients is consistent with a viral infection and hepatic damage respectively. The unusual feature of the illness was its nearly exclusive occurrence in adolescents and young adults and, in fatal form, in pregnant women. Nothing like this had been observed previously in southern Africa. Serologic tests excluded hepatitis-A and -B viruses as etiologic agents of the outbreak. All evidenced only past infection with HAV. The prevalence of HBV surface antigen was similar in patients and healthy persons. Extensive additional serology incriminated no other infectious disease. The only finding was a high rate (64%) of reactions in the Weil-Felix test to the Proteus OX-K antigen, considered insignificant in view of the universally low titers obtained. Similar titers have been found in healthy persons and occasionally in patients with relapsing fever or hepatic damage due to a variety of causes. Relapsing fever was excluded in this outbreak based on negative microscopy of blood films. High titers of OX-K antibodies are typical in scrub typhus, which does not occur in Africa. The current 1983 investigation having reached a dead end, the outbreak was attributed to non-A, non-B hepatitis, and specimens were archived for future reference.
In the past decade, HEV has been increasingly recognized as a major cause of acute viral hepatitis in developing countries. Hepatitis E virus is unrelated to either HAV or HBV, is transmitted by the fecal-oral route, and has caused spectacular water-borne outbreaks of jaundice, primarily in places with crowding and inadequate environmental sanitation. 24 The pathognomonic features of hepatitis E, its propensity to affect adolescents and young adults, and its striking casefatality rate in pregnant women, match the remarkable aspects of the Kavango outbreak. Therefore, the original field investigators recently submitted some of the archived specimens for HEV testing.
Hepatitis E virus was detected by RT-PCR in the majority of fecal specimens tested (9/16). For each positive specimen, 2 different regions of the virus genome were independently amplified, increasing confidence that the results were accurate. Coupled with the clinical and epidemiological data described above, these molecular virologic data conclusively identify HEV as the etiology of the outbreak. Serology in a convenience sample of healthy residents from a heavily affected settlement supports this conclusion. Of 24 samples tested, 16 (67%) had antibody to HEV. In 10 persons (42%), IgM to HEV was detected, strongly suggesting they were recently infected. In another 6 (25%), Ig to HEV without elevated IgM was detected, suggesting that these persons had been infected more remotely. If the convenience sample was representative, HEV was widely transmitted, as would be expected in a waterborne outbreak.
The presence of both too much and too little surface water may be associated with HEV epidemics. 25 Flooding causes contamination of drinking water with sewage; 26 on the other hand, dry conditions may lead to any HEV present in surface water remaining relatively undiluted. This may have been a factor in the Rundu outbreak; the river level was very low at the time of the epidemic, occurring as it did towards the end of an even drier than usual winter season (normally only 10-20% of the annual total rainfall occurs between March and October). 19 The age profile of the patients who were predominantly young adults (Figure 3) is typical of HEV infection, and stands in contrast to the pattern of childhood acquisition of hepatitis A virus infection in developing populations. A possible reason for this is waning of the immunity acquired by exposure to HEV in early childhood, allowing later reinfection. 27 The alternative hypothesis that since HEV does not infect children, adults are susceptible, seems unlikely, given the usual pattern of other feco-orally transmitted infections in developing countries. The high rate of HAV seropositivity in our sample of the Rundu population has been noted in other studies in this region. 28 Hepatitis E virus also differs from hepatitis A in the high mortality rate (up to 20%) of infected pregnant women, especially when acquired in the third trimester. 29, 30 This has been described in many places, including other parts of Africa. 6, 25 In an Ethiopian sample, pregnancy itself appeared to be a risk factor, independent of socioeconomic status, for acquiring HEV infection, which then had an exceptionally high mortality rate (42%). 6 The reason for the high mortality of HEV in pregnancy is unknown. 29 Possibly analogous increased severity of hepatitis A and B has been ascribed to pregnancy-related depression of cell-mediated immunity. 31 Coursaget and others 11 speculate that the superimposition of acute HEV on chronic liver disease caused by HBV may lead to acute or fulminant hepatitis in some patients, including pregnant women. In Chad, these authors found that of 35 patients with sporadic acute or fulminant hepatitis E, 21 (60%) and 5 (14%) had sero-logical evidence of, respectively, chronic and acute hepatitis B. Hepatitis B virus surface antigen was present in 30% of controls. 11 Hepatitis B virus infection is hyperendemic in Kavango; a 1983 study demonstrated that 98% of the population showed some serological evidence of exposure, with a 13.6% carriage rate of HBV surface antigen. 28 Our small sample (Table 2) showed no significant difference (P ϭ 0.81, Fisher's exact test) between patients with overt hepatitis and normal controls with regard to HBV surface antigen carriage, but a much larger study would be required to investigate any association. The reason for the male preponderance of cases in our survey is not known; however, the sample (patients presenting at hospital) may not have been fully representative of the exposed population, and was almost certainly biased towards the more severe end of the clinical spectrum. Military and logistic restrictions precluded our acquiring accurate clinical, socioeconomic, or census data amongst the refugee community who appeared to be most at risk for hepatitis, presumably because of poor living conditions. Displaced populations in other places (for example, Albanians in Greece, 32 Indochinese in Australia 33 ) have been shown to have higher rates of HEV antibodies than the native populations, and the risk of HEV to groups affected by natural disasters and wars is well recognised. 5, 34 Previously, sporadic or epidemic hepatitis E had been recognized in northern and central African countries. Between 1980 and 1986, HEV outbreaks occurred in Algeria, Chad, Sudan, and Somalia. 30 More recent reports of hepatitis E have emerged from many other African countries. [3] [4] [5] [6] [7] [8] [9] [10] [11] In southern Africa, surveys in South Africans and in Mozambican refugees living in Swaziland have shown serologic evidence of HEV infection, [35] [36] [37] but no actual disease has been documented by detection of HEV in clinical specimens. This report of hepatitis E in southern Africa is the first to unambiguously document cases by detection of HEV in patient specimens. Moreover, this report is the third example 37,38 of epidemic hepatitis E among refugees in Africa, highlighting the risk HEV poses to refugees and aid workers ministering to them.
